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FREFACE

Thte iruvestigation covered by this report was conducted by the
Banitary Sci-ncb ?:anch, United States Army Engineer Research and
Deveiop:ment Laboratories (USAERDL), under authority of Corps of En-
gir.eerL IaSK aiM75-05-001-06 (formerly designated 8-75-05-013). A
-opy cf the project card appears in Appendix A. The preliminary
studies were made at the sanitary Sciences Branch, USAERDL, Fort
Beivoir, Virginia; while the actual field tests were conducted at
Jackass Fl&ts, the Atomic Energy Commissioa's Nevada Test Site,
"Mercury, N rada.

The , riAd covered by this report was August 1958 through
;;ovember I

T're following personnel were responsible for the supervision
of the t..st programn-

Project Engineer Paul E. DesRosiers, Jr.
Research Section Chief Don C. Lindsten
Sanitary Sciences Branch Chief Richard P. Schmitt
Military Department Chief Neil K. Dickinzon

The field test team responsible for iistalling the equipment
and conducting the experiments was as follows:

Project Engineer Paul E. DesRosiers, Jr.
Equipment Operator M/Sgt Harvey Fox
Equipment Operator Freder±ck W. Wolfes

; glossary of terms as defined for the purposes of this report
ia ii.clu~de on page 59.
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St.WARY

This report covers laboratory and field tests of an electro-
dialysi- process for removal of ionized salts from brackish waters.
Arn experimental unit, manufactured by Ionics, Inc., Cambridge, Mass-
Rchusetts, wa.; used for the purpose of this study.

Laboratory tesbz ,•'- conducted at Fort Belvoir to determine
the following:

(1) Suitability of operational features to military

usage

(2) Performance characteristic., of the process

(3) Effect of obanges in temperature, pH, and feed
salinity on performance.

(4) Factors reducing effectiveness of the ion-selective
nmembranes.

Tests wer- conducted in Nevada +n determine the behavior of
the demnr.eralizer in the field when remcving dissolved minerel. mat-
ter f.-om a brackish well water and to determine the capability of
the unit for reroval of soluble radioactivity from water.

The report concludes:

a. The electrodialysis process (batch type) is a more econom-
ic-al process than either ion exc'ange or vapor-compression distilla-
tion for removing dissolved minerals from a brackish water containing
3,500 mg/l TDS down to a drinkable level of 500 mg/l TDS.

b. Dissolved radiois3topes can be removed from water in high
percentages by operation of the unit for complete demineralization,
but it would not be practicable to do this from a military pcint of
view, since the production rate would decrea.se sharply and concentra-
tion polarizatior may become significant.

c. Further laboratory and field tests using the electrodialy-
sis process arenecessary in order to develop simplified operating
.echniquea, optimize performance, and adapt the process to military
usage.



WATER DEMINERAL1ZATION A9D DECONTAMINATION

STUDIES U'iILIZING ELECTRODIALYSIS

. IMf'RODUCTION

1. Subject. This report coiers laboratory and field tests
of an eleztrodialysis process ;or removal of ionized salts from
brackish waters. Ar. exririmental unit, manufactured by Ionics, Inc.,
Cambridge, MKissachusetts, was used for the purpose of these studies.

LU )oratory tests were conducted a& Fort Btivoir to deter-
mine the fo]lowL.g:

a Suitaoility of oper.tional features to military
usage

0. Performac,. characteristics of process.

c. Effect of changes in temperature, pH, and feed salin-
ity on performance.

d. Factors reducing effectiveness of the ion-selective
mem.brzzrnes.

Test* were conducted in Nevada t, detertmne the behavior
of the demineralizer in the field when removing dissolved mineral
matter from a brackish well water and to determine the capability
of the unit for romoval of soluble rad.oactivity from water.

2. Background and Previou, Investigation. In recent years,
much Intcrer. has been directed toward new processes for production
of drinking water from saline water. Intensive studies have been
undertaken by the Office of Saline Water, Depart.fent of the Interior.
The Army uses the vapor compression distillation method for obtain-
ing potable water from the sea. This method is satisfactory on sea
water, but it is not economical on most brackish waters because of
the inherent scaling problems. Zlectrodialv.sis in its present state
is not yet economical on sea water. It does, however, present a
potentially ee.onomical process for demindrmalzation of we.st brackish
watera.

Late in the nineteenth centurry, tioenhemists hypothesized
the ion- selective or perm-celective rmbrmhe, but not until industry
had developed ion-exchange resins did the perm-selective membranes
become %vailable. The membranes of that time were of tie small,
fragile tTe having a high electrical resistance and little chemical
res • tance.



Diring recent years, maJor technical advances nave been
"uad.• in the electric- membrzLne process, and it is becoming more feaei-.
J.hle es a .method for removal of soluole salts from braz:ish w,•t~rs.
Research and development has been carried out in the Union of South
Africa c!), the Netherlands (2), Great Britain (3, 4), end the
United States (5-9) on the electro dialytic removal of salt from
saline watt:" sources.

An experimrental plant constructed by the British in

Tobruk, Libya, has a capacity of 2,400 gallons of water rer day re-.
du1ing a saline ;aler containing an initial concentration of 3,400
mg/1 as Na~l to a evel of arproximataly 500 mg/l as NaCl.. Mem-
branes 60 by 16 in hes were used in this unit which could accommo-
dace up tco four huAred 1.3-r= thick membranes in one stack. The

ae&- were rrie by the Dutcn C.T.I. - T.N.O.I A typical exper-.
imental run on Tobruk water is summarized in Table i.

Table I. Genuine robruk Water-Initial" Volume,
73 Gallons (3)

Concentrate D:.uate

Time Concentration Concentration
Minr. Volts Amps p.p.m. as NaCl p.p.m. as NaCi Temp.

by Salinometer by Sallnometer

0 50 13.6 10,300 3400 430C.
5 50 12,3 10,300 3000

10 50 11.5 10,500 265o
15 50 10.5 10,500 Ž2OO
20 50 9.17 10,500 1900
25 50 81,5Z0 1600
30 50 75 11,000 1300
35 50 6"5 10,900 L100
4o 50 5"7 1O,80c ý8o
45 5) 5.0 10,600 70)
50 50 4-3 10,6oo 590
53`5 50 3"9 10,60O 500 1140°.

Final Volume Dilvate 72 gal; Kwh used (by meter) 0-335.
Throughput 80 gal /h-. Power Consumption 4'65 Kwh,/!YY) gal.
Analysia of treated water,

MCI. 386 p.p.m.
Total Hardness 58 p.p.m. Power consumption

(graphical) j'08 Kwh./1000 gal.

1. Central Tc.:hnical Institute of .tho Organization for Ap";Iied
Scientific hesear'h !n the Netherlanda Toegepast Natuurweten
achapptijk Onderzoek.
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in mAd-1953, in the Union of South Africa, work began to
develop special membranes that coald be suitably used for desalting
of' certain brackish waters. From Jinuary 1954 to July L;5,51 a 50-
cell, 2 3-.ph, ek'trodialysis unit was in operation at Pretoria.
By September 1'57, the fins? designs were completed for the 2.4-mgd
unit in the Free State Geduld Mine DiLstrict. The membranes were
44 3/4 by 25 3/4 inches of the parchment type (1).

Ln Wichita Falls, Texas, an experimental four-stack
Jlectri( membrane demineralizEr was installed in September 1954.
The unit wp.s the first such operation of its size in the United
States, I, was ied as an auxiliary to the power plant and also. as
an experirr :tal unit in water supply. The elect-c=dlalysis unit
treated arprcxirately 2,400 gph (10).

In June 1955, tests of an electric-membrane demineralizer
w.'.e conducted by the Department of the Navy. The unit was invest-
igated for desalting of sea water uith rparticular emphasis for u.-,e
aboa) d submarines in lieu of current vaporization processes. Table
II surmarizes data taken from the Navy's report on the investigation.

Týb6e II. Test Results with Sea Water
'4.ectrodialysis Demincralizer (11)

Characteristic Pesults

Type of feed Sea water Potable water Sea water
Quality of product Potable water Battery water Battery water
Economy (gal/kw-nr) 5.55 52.90 3.45
Rate output (gph) 15 65 8.7

In 1955, the Office of Saline Water, U. S. Department of
tne Interior, conducted field tests of an electrodialysis process
at Buckeye, Arizona, and at Miller, Sout.4 Dakota.

Results of the Arizona tests showed that the concentration
of dissolved saltg in the well water was reduced from 3,830 to 229
mg/l. The results also indicated that all initial. constituents of
the well water were effectively removed with the exception of silica
and bnnx.rn which showed little ur no reunvai. The unit was equipped
with special filtering units installed in the.£eed(-water line to
prevent foreign materials frcm entering the systemu. These filtering
units were found to be desirable in previous tests bince if sus-
pended matter were allowed to ent, r the system the membranes would
be fouled. I
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During the Arizona tests, the;, ,ias considerable CaC03
sceling most of which was found on the auiJn membranes; however,
this difficulty was eliminated by the inJcation of a small amount
of acid into the electrode and brine s'treamso When the CaS04 con-
centration exceeded the theoretical solubility limit in the brine
stream, precipitation occurred- This obstacle was overcome by ad-
Justment of the brine stream flow rate accordingly.

The well water in South Dakota contained 1.3 mg/l of iron.
This iron caused sliming of the membranes, particailarly the anion
menbranes. It was found, however,, that proper pretreatment (oxida-
tion and filtraticn) of tre feed water was necessary. No further
diff'ircilties resu ted after'these steps were taken.

Results of both tests (Arizona and South Dakota) showed
no 2hemlcal deterioration in membrane composition at any time. It
was founcd however, that there was a physical weakening in some
membranes due to the inefficient inert backing material used (glass.
backed cation membranes). The plastic backed anion membranes showed
no loss of strength throughout the tests (12).

II. INVESTIGATION

3 DescriDtion of PLhoces6. One purpose of the perm-selective
membrane demineralizer is to remove ionized salts from brackish
waters. The production rate is dependent primarily upon two factors:
the amount of dissolved solids in the feed water and the amount of
dissolved salts desired in the product effluent. To produce demin-
eralized water from saline water by the electric membrane process,
an electric current is passed in series through two saline water
stitams which flow in parallel in adjacent passages between selec-
tive ion-permeable membranes. A schematic diagram of the membrane
stack is shown in Fig. 1. This membrane stack consists of alter-
nating anion and cation membranes separated by suitably manifolded
sections called "spacers." The stack is provided with two external
cathodes made of stainless steel, type 316, and two internal anodes
composed of platinum-coated tantalum. 2 As can be seen in Fig. 1,
the positive ions (+) (cations) are attracted to the negative elec-
trode (cathode). The cation membrane (C) will pass only positive
ions; anions cannot penetrate this membrane. The negative iuas (-)
(anions) are attracted to the positive electrode (anode). The anion
membrane (A) will pass only anions. This results in a series of al-
ternating dilution and concentration compartments. These compart-
ments ?ýrE manifolded in such a way as to yield only one stream which
is being diluted and one stream which is being concentrated.

2. Hastelloy C ured as cathode material and only one internal anode,
platinum-coated on both sides, used in Fort Belvoir tests.
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Fig. 1. Cross section of membrane stack, aquaimite 30-B elec-
trodialysic demineralization unit.

4. methods of Analysis and Instrumentation. The following

methods of analysis and instrumentation were us~ed:

a. Methods of Analysis.

(1) Chloride.* Chloride determinations were per-r
formed with 0.10 N AgN0 3 with 5 percent V2CrCI1 as an indicator
at PH 8.3.

(2) Alkalinity. Kethyl oranjm-zrlene cyanol was
used to determine alkalinity. In alk-alin solution, methyl,
orange -rylene cyanol. is green and turns grey just before the
enil-point is reached. With the addition of & fey amops of
titrant, 0.02 N R2SO4, the solution turns a pinkish-purple
indicative of the end-point.

(3) Total Hardness. An indicator, UniVer I, was
used to determine total hardness.* The Indicator contained
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sodium cyanide usad to coitplex interfering iron and copper. A
standard solution of ethylen-ediaminetetraaaetate (disodium
salt) (EDTA) was used as the titrant. The color change was from
a light red to a light blue at the end-point.

(4) Calcium Hardness. CalVer II as an indicator at
a pH of approximately 11.3 was used to determine calcium hard-
ness One milliliter of 8 N 0ON1 was used to approximate this
pH. The color change at the end-point was from a light red to
a blue.

(5) 3ulface. Barium chloranilate, BaC6C1204, was
used to determ: ne sulfate, The reaction between solid barium
chloranilate ai d sulfate ion at pH 4 in a 50-percent ethaaiol-
water solution liberates the purple-colored acid-chloranilate
ion The adsorption was carried out at a wave length of 525

m p, usiing a Fisher Electrophotometer. Certain cations inter-
fered with the procedure and subsequently were removed by
cation-exchange resins in the hydrogen form. This method,
found highly successful, was used through the Nevada tests. 3

(6) Sodium. -Sodittm. was determined by difference.

(7) Iron, Silica, Aluminum, and Cop-per. A Hach
Chemical Company DR Colorimeter was uscd to determine iron,
silica, aluminum, and copper.

(8) pH. A Bechman pH mcter, Model H-2 was used to
determine pH.

b. Instrumentation.

(1) Pressure Gauges. Four pressure gauges were used.
Two measure the pressure drop across the filters in the feed
line. A pressure gauge is installed in each of the two reclr-
culating streams (one in the brine-stream influent and the
other in the product-stream influent). The product stream
pressure is normally set from 0.5 to 1.0 psig higher than the
brine stream pressure.

(2) Flivw Meters.

(a) A rotameter-type flow meter measured the

input rate of blowdown to the brine recirculation system.

3. More information may be found in Analytical Chemistry, Vol 29,
No. 2, Feb 1957, pp. 281-283.



(b) Another rotameter was installed in the
product recirculation stream to measure the recirculation
rate.

(c) A Fischer-Porter flow meter was used to
measure the electrode-stream flow rate. The flow rate
was rcad in centimeters. This reading was referred to a
calibration chart to determine the actual flow rate.

(3) Filter. A cellulose-type filter was used in the
product recirculation stream in order to remove the oxides of
iron, ±f any, from this st -eam. This filter proved very useful
for rem v+al *of iron slime which had been flusheA from the stack
during (perations at Fort Belvoir and Nevada.

(4) Thermometer. A bi-metallic thermometer set in
the hydraulic system measured the temperature of the feed water.
Temperature had a marked effect upon the performance of the de-
mineraiizer The equation describing this effect is:,

Product flow rate at T = Product flow rate at 700 F.
(T to 1200 F) X [1+0.011 (T - 70)]

(5) Conductivity, Cells.

(a) The' conductivity cell controls the product
recirculation In such a way that, the "batch" is discharged
only at the product concentration previously set on the
conductivity dial located on the instrument panel. The
setting on this dial does not necessarily indicate the
correct product cunienLration and, therefore, must be
calibrated prior to operation of the demineralizer.

(b) Ai-other conductivity meter, Barnstead Pur-
ity Meter, was used to determine the total dissolved
sulld. co-ntent of the effluent product water during the
decontamination studies conducted in Nevada. The scale
of the meter is calibrated from 0 to 15 ppm expressed as
sodium chloride and has a temperature-correction scale
with a range of 640 to 1900 F.

(6) Watthour Meters.

(a) An a-c watthour meter with cyclometer

register was used to record the total power consumption
of the unit during the Nevada field tests.

(b) A d-c, switchboard-type, watthour meter
was used to record pow.,r consumed by the membrane stack

during the field tests.



(7) Ammeters. Two d-c ammeters were used to meesure
the current in the top and bottom of the membrane stack, and
one d-c voltmeter was used to measure the voltage impressed
upon the stack. The range of the ammeters was 0 to 10 amps and
could be read to plus or minus 0.1 amp. Another d-c ammeter,
therefore, was used for the low ranges since most currents in
the Nevada field study were in the 0- to 0.7-amp range. This
ammnter had a range of 0 to 1.000 amp and could be read to plus
or minus 0.005 amp.

(8) Scaler. A Nuclear-Chicago Scaler and Geiger-
Mueller end w!ndow tube assembly was used to coumt cesium beta
activity durt g decontamination studies at the Nevada Test Site.

(9) Acid Pump. A corrosion-resistant duplex propor-
tioning pump with built-in control dials was used to feed acid
to both the brine and electrode streams.

5. Laboratory Studies. The following is a description of
leburatory studies made at the Sanitary Sciences Branch, Fort Belvoir.

a. Description of Equipment. Figure 2 is a simplified
schematic flow sheet of the unit. The feed water splits into two

Concen.r&te

C.

XIMPLIFIED
5CHEMATIC FLOW3WEE~T

TUnk U

Tk

Fi d et

Fig. 2. Simplified schematic flow sheet of unit.



streams; one is continuously fed into the brine stream, and the
other is fed intermittently to the recirculation tank to restart a
new cycie. The concentrate pump (C) recirculates the brine stream
through the stack. A volume of brine equal to that of the feed
water added is pumped out of this system as waste or brine effluent.

After the feed stream has filled the recirculation
tank, valve X shuts automatically prohibiting further flow to the
tan;k. This feed water batch is recirculated through the stack by
means of pump D, through the conductivity cell CC. and throtgh
solenoid-valve Z to the tank When the conductivity cel. CC indi-
cates the lesired salinity of the final effluent, valve Z automati-
cally clos !s and vwlve Y opens allowing the product to discharge to
a suitable storage .ystem. When the recirculation tank empties,
vai;e X opens and raw water again passes through the system. When
raw wa-er reaches the conductivity cell CC, valve Y closes and
valve Z opens. Valve X closes when the recirculation tank is full.
Raw water then recirculates until a satisfactory product is obtained.
Hence, there is an intermittent discharge of each individual batch
of water since the degree of recirculation is determined by the
total dissolved solids content of the raw water and concentration of
the product.

Figure 3 is a diagrammatic representation. of the
major flow system involved in the demineralization cycle. This flow
diagram, unlike Fig. 2, contains both electrode flow and acid injec-
cion systems. The electrode stream is constantly acidified with a
solutior of NaHSO4 which becomes an acid by ionization. A high con-
centration of hydroxide ions Is formed at the cathode (equation a(2),
paragraph 7, p 47) and must, therefore, be neutralized by acid or a
scale problem will develop in most cases. The concentration and
rate of feed of acid is dependent upon two factors: (1) the concen-
tration of the acid-consuming ions in the feed water and (2) the
applied d-c voltage. The electrode stream (cathode plus anode
wastes) contains hydrogen, oxygen, and chlorine gases which must be
suitably vented and discharged.

Figure 3 shows that the acid is also injected into
the brine (concentrate) stream. This acid is necessary in order to
reduce the alkalinity present in this stream, since a reduction of
the salt co'centration in the p._oduct stream is also accompanied by
a proportional increase in' the waRte stream. The concentration and
rate of acid feed is dependent upon the total dissolved, solids, pH,
calcium, and bicarbonate concentratikn of the brine blowdown stream
and its temperature. Frcm these data, a Langelier Index (see para.
graph 7) io calculated and acid is .fed accordingly.

If the concentration of the feed water. contains appre-
ciable amounts of calcium and sulfate Ions, scaling conditions may
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exist and' calcium sulfate may precipitate and eventually cause the
blockage of the flow paths in the cells. This calcium sulfate scale
formation can be avoided by proper adjustment of the brine-stream
blowdown rate. Tbis will prevent the brine waste stream from becom-
ing saturited with calcium sulfate and will avoid precipitation.

Figure 4 shows the electrodsalysis unit assembled for
test ii the laboratory at Fort Belvoir;

112130
Fig. 4. Modal 30-B electrodialysis unit at Fort Belvoir.

One -hundred-fIfteen-vclt, 60-cycle, single-phase power was supplied
to the system. A rectifier produced the d-c voltage required by the
demineralization process. The brine, feed, acld, and product pumps
were al wired for 115-volt, 6 0-cycle, single-phase operation. All
instruments required the same a-c voltage. The entire electrodialy-
*is unit was thoroughly grounded. The membrane stack consisted of
100 cell-psi:8s (each cell-pair contains one cation, on* anion, and
two spacers) (Fig. 5). The membranes were 9 by 10 inches and were
0.6 m- thick. The cation membranes were conatructed. of aulfonated
divinylbenzene polystyrene impregnated on fiberglass backing, and
the anion membranes were made of quarternized diviylbenszene pyridene
impregnated on dynel cloth. The membrane spacers were specialy
constructed flow channels of polyvinylchloride. Figures 6 and 7 are
magnlflcd p4ltos of both cation end anion membranea.
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Fig. 5. From left to right: anion membrane, membrane spacer,
and cation membrane.

b. Tests and Test Results. A series of tests was con-
ducted on the electrodialysis unit from August to October 1958.
The total operating time was 204 hours. The purpose of early tests
was to develop a thorough familiarization of operating procedures.
A 450-gallon wooden tank, approxiim÷tely 58 inches high and 49.5
irc'es I.Lbide diameter, van used a:3 the container for the synthetic
make-up water source.

Three tests were performed on different synthetic
waters.

(1) The concentration of the initial meke-up water
was 3,134 mg/l NaCl. Analysis was as follows:

Turbi•'ity - 22 units
Total alkalinity - 29.3 ug/1 as CC03
Total hardness -83
Ca hardness - 67 "
Mg hardness - 16 " " "
salinity - 3134 mg/. as N&Cl
Aluminum - 0.143 mg/
Copper - 0.28
pH - 5.4
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Fig. 6. Cation membrane (magnifled 13 times). t

301493Fig• 7 Anion membrane (magalfle 13 time).
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This water was fed to the unit at a rate of 0.4 gpm. The
average production rate was 40.4 gph at a feed-water tempera-
ture of 750 F. The unit was operaLed for 6 hours. Operating
data for this run were as follows.

Conductivity setting - 675 v mhos/cm
Make-up feed to brine stream- 0.4 gpm
pH cathode effluent - 3,1
Ac.d feed, 12A NaHSO4 - 0.28 gph
Salinity of product - 463 mg/1
Voltage at start of cycle - 50.5 volts
Vol13.ge at end of cycle - 52.5 volts
Cur: ent at start of cycle - 2.4 amps
Current at end of cycle - 1.18 amps

(2) On 7 August, the second test began Analysis
of feAd water was as follows:

Salinity - 4873 m.i/1 as NaCl
Turbidity - 10 units ,
Total alkalinity - 72 mg/l as CaC0 3
Total hardness - 66.0
Mg hardness - 9.4
Aluminum - 0.30 mg/l
Copper - 0.23
pH - 7.5

In this test, a make-up water containing 4,873 mg/l NaCl was
fed to the unit at a temperature of 750 F. The following op-
erating data were accumulated from the test:

Conductivity setting - 675 P mhos/cm
Make up feed to brine stream- 0.4 gpm
Acid feed, 12% Na•HSO 4  - 0.28 gph
Voltage at start of cycle - 50 volts
Voltage at end of cycle - 52 volts
Current at start of cycle 2.8 amps
Current at end of cycle - 1.2 amps
Product rate - 27 gphl
Salinity of product - 469 mg/l as NaCl
Turbidity of product - 0
pH of product - 7.4
Operating time - 6 hours

.3) The feed water analysis for the third test was
as follows:

Salinity - 5067 mg/11a, NaCl
Total alkalinity - 32.8 mg/l a4 CaCO 3
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Phenol alkalinity - 3.2 mgil as CaG0 3
Total hardness -76 "7

-a hardness - 62.6 .
Mg hardness - 12.0 "

Aluminum - 0.16 mg/.L
Copper - 0.15
pH - 8.4

"The total operating time for the third test (conducted, from 25
August to 27 August 1958) was approximately 26 hours. The pur-
pose of this test was to calibrate the coaductivity control
(Fig. 8 lower left, on panel boare) in order to determine what

setting would correspond to a product salinity uf 500 mg/l. It
wac fou id that a setting of 800 p mhos/cm on the conductivity
meter would give the desired product concentration. The aver-
age production rate during this test was 26.7 gph at 780 F.
The product water contained 505 mg/l as NaC], with a pH of 7.2.

F11118
Fig. 8. Control panel of eleetrodialysai unit.

On 20 August, prior to the third test, a 2,500-
gallon, rubber-lined tank was used in conjunctim with the 450-
gallon feed tank. This added capacity insured a longer operating
time. A sufficient quantity of sodium chloride (granular) was dis-
solved into this tank to give a concentration of about 5,000 m8/1
as NaCl. A new hydraulic system was installed vhich enabled the
make-up mater to be recirculated from the 2,c5O-gallon. tank to the
450-gallon tak and vice versa until a uniform, homogeneou&, feed-



water coricit~ration was established. The pH of the feed water was
raised from 5 4 to 8 3 with sodium hydroxide.

On 3 September, a new synthetic water containing the
following anal~sis was made up-

Salirnity - 9,004 mg/i as NaCi
Tot"l alkalinity - 32 Mg/i as CaCO 3
Phenol. aikaiLiity - 2 H

Total hard-Iess - 99 . . .
Ca hardiness - 87 " .
Mg hardnc ss - 12 " "

pH - 8.6

The unit was operated about 32 hours on the above water, from 4 to 9
September 1958, without any appreciable difficulties other than a
slow drop .n production rate. The folloing data reprpsent a typi-
cal run on the 9,004 mag/1 water-

Conductivity setting - 800 s mhos/cm
pH cathode stream 2 4
Acid feed, 2% NaHS0, - 0.13 gph
Make-up feed to brine stream - o.4 gpm
Brine blowdown rate - 20.5 gph
Brine blowdown salinity - 13,668 mg/l as NaCI
Voltage at star' of cycle - 50 volts
Volt~age at end of cycle - 52.3 voLts
CurrtL aLt start of cyule - 3.45 amps
Current at end of cycle - 1.33 amps
Product salinity (790 F) - 490 mg/l as NaCi.
pH of product - 7,1
Product rate 15.4 gph

On 9 September, the production rate fell tn 14.2 Kph.
The pressure drop across the inlet filtexs (Fig. 9, right.-center)
was 15 psi. The unit was shut down, crnd the filter cartridges were
inspected. Filter elements were caked with a brown, mud-like sub-
stance; this substance was analyzed qualitatively and found to con-
tain a considerable amount of iron. The two filter cartridges (5
micron Wore diameter) were replaced by new ones.

..Onl1Septerber,-1 pound of citric acid was audded to
the 4 50-gallon tank which contained 2,830 mg/l NaCI. The pH o'f this
water was 3.3. The unit was operated -with.the rectil'ier off. The
contents of the tank was fed to the electrodialysis unit t' flush
the unit of any i-on deposits In the hydraulic system and membrane
cc-lls. This 4.cid-flushing Improved the conductance of the membranes
while remuving wait of the iron deposits.
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F11115
Fig. 9. Side viev of unit shoving filtering eystem.

A new feed-water solution was made up and vas fed to
the unit on 16 September. Following is an analysis of that feed
wateti:

Salinity - 7078 mg/i as NC•
Total alkralLaity - 38.6 mg/i es CaCO3Phenol. alkalinity - 2.0 t I
Total hardness - 8 4 " " "

Ca hardness - 72 " " "

ft hardness - 12 "
PH 8.14

The unit operated satisfactorily from 16 to 19 September, except for
leakage from the bottom of the cathode area. Plastic gasket com-
pound was put around the cathode area but did not provide the water-
tightness desired. The tie-rod nut3 were then screwed down ticlter
but the leakage continued and beca"m progressively worse. The main
trouble was in the Hastelloy C cathode (Fig. 10, right) where the
tle-rod holes were punched and metal "stretched" which gave an "oil

-'.
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caaning" effect to the metal. When the tie-rod nuts were tightened,
the cathode "warped" and a space was left between the cathode and
the electrode gasket causing the major leaks. This problem was
later (prior to Nevada test) remedied through the use of 1/32-inch,
stainless-steel, type 316 sheet for the cathode material. This
electrode material did not stretch when the holes were punched. On
19 September, the production rate remained constant at 19.0 gph un-
til the fifth cycle, when it dropped to 18.9 gph; during the sixth
cycle, however, abnormal stack current readings were noted. The
production rate fUll to a low of 13.7 gph.

Fig. 10. Electrodes used in unit: left, anode; right,
cathode.

As shown in Fig. 11, sit the start of the cycle, the
current in the top of the stack was 3.02 amps, while that in the
bottom of the stack was 2.00 amps. This fact indicated that sume-
thing was wrong since under normal conditions, the currents are
equal. The graph also indicates that the current in the top of the
stack decreased uniformly with respect to time, but the current in
the bottom of the stack was erratic as it decreased. This indi-
cated that there was unusual electrical resistance in the bottom of
the stack causing a decrease in amperage. The membrane stack wab
disassembled, and each membrane and spacer was physically inspected.
The membranes in the top half of the stack were in fair condition.
Some were 4dry and warped near the outside edges, while the spacers
were white, opaque in color (original color was clear, transparent
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- - - [TOP MgUMeIANIrI STACK
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Fl1151.
Fig. ii. Effects of spacer degradation eausing high resist-
ance in bottom of stack.

vinyl). In the bottom half of the stack, practically all of the
spacers were a deep yellow in color, spec.fically around the
"holes" not used for water flow (Fig. 12). These holes in the
spacers contained, for the most part, a yellow gelantinous sub-
stance resembling sulfur (Note E of Fig. 13). The holes, particu-
larly those used for the feed-water influent, also contained other
foreign substances (Fig. 13).

Many of these spacers had literally "melted" (chemi-
cal structure and physical appearance of the spacers were changed)
in several of the sections, and nine spacers had to be replaced;
only 20 replacements were avai'.able. The memranes in the bottom
of the stack revealed damage and had to be replaced because of im-
pregnation from the previously mentioned forelgn substances. The
sections under the holes of the spacers were also dried out and
wrinkled. The cation membranes were especially damaged due to this
melting effect. The reason for the yellowing of the spacers and
their subsequent effect on the membranes, particularly the outer-
most sections near the edges, was a degradation reaction taking
place at the holes. There was no liquid flow through these holes,
and they had no apparent, sigeificant use. Since the spacers were
constructed of a copolymer of vinyl chloride and vinylidene chloride
or a variation thereof, chlorine molecules (or chloride ions)

__ - -



G1330
Fig. 12. PVC membrane spacers: top, old type of spacer
(four sets ol' holes); bottom, new type of spager (two sets
of holes); arrow denotes yellowed area.
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Fig. 13. Foreign substances found In membrane stack.

evolved by the electrodialysis process (due to the high current
density about these isolated holes) could collect and be retained
In the holes. This subsequently initiated the degradation reaction.

Further inspection of the membranes revealed that the
aniou membrane, particularly those near the neutral cell (Fig. 1),
were coated with a thin, brown slime. 2his slime was found on the
dilution side of the anion membranes. Mhe sliue, similar to that
observed in test work done on 9 September 195a, was analyzed quali-
tatively aud found to contain iron. It was believed that most of
the iron entered the system due to failure of the filtering elements
in the feed line. It was observed durind this test that the

L
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polyethylene feed and discharge lines to and from the stack were
filled with turbid water. The membranes were soaked in 0.5 N HCI
and scrubbed physically to remove the iron slime.

On 22 September, another cartridge-type filter was
added to the unit. This filter was installed in the product re..
circulation line just ahead of the recirculation tank. This filter
clarified the recirculated dilute stream by removal of oxides of
iron and other precipitates which resulted as oxidatioai products in
the membrane stack. On 25 September, a rotameter was installed in
the same product recirculation line ahead of the new filter to de-
termine the recirculation flow rate. Readings showed that the rate
remained at approxinately 3.7 gpm.

Witt new and cleaned membranes and after the above
changes were made, the unit was operated on 7,038 mg/l NaCl make-up
water. The cycle took 62.5 minutes to gtve a product salinity of
538 mg/l. The product rate was 18.7 gpr. These results are shown
in Fig. 14.

0

Fig. 14. Typical de•ineralization cycle.

On 1 October, synthetic water containing 12,070 mg/1
NaCI was prepared. Table III shows the results of the tests on this
water.
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Table II. Synthetic Water Test Results

Characteristic Influent Effluent
(Feed) (Product)

pH 8.35 7.4
Alkalinity (mg/l CaC03):

Total 44.0 14.8
Phenol. 2.0 0

Hardness (mg/l CaC0 3 ):
Total 123.4 2.2
C1lcium 112.4 2.2
l agnesium 11.0 0

Salin: ty (mg/l NaC1) 12,070 497

The final tests with synthetically prepared feed water consisted of
three runs or 1,650, 1,770, and 2,515 mg/1 NaCl water, respectively.
An A-c kilowatt-hour meter was installed in order to measure the
total power consumed. The average total power consumption over the
range 1,650 to 3,580 mg/l NaC1 was 8.5 kw-hr/24-hr day. Maximum
probable error was calculated so as to develop a reasonable carve
representing the mathematical relationsaip between power consumption
and dissol,,ed solids removed. Figure 15 depicts the variation to be
essentially constant through the range.

10- !o

90

I

0

3 4

FEED SALINITY (.n9/I WIO x IO'1)

Fig. 15. Effect of salinity on tctal power consumption.
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On 13 October, a test was conducted designed to
check variation of electrode (cathode plus anode wastes) stream pH
with respect to time. The hydroxide ion concentration of the elec-
trode stream is directly proportional to the amperage through the
membrane stack. A rise in the hydroxide ion concentration will re-
sult in a rise in the pH of the electrode stream. Hence, as acid
(e.g. NaHSO4) is injected at a constant rate into the electrode
stream, tie pctential hydroxide concentration is reduced; this re-
lationship is shown in Fig. 16.

--1--~ !

T6i e (0-0 -1 1 1 5

Fig. 16. Behavior of electrode stream pH during a typical
cycle.

Ionics, Inc., gave the following mathematical rela-

tionship which explains the effect of temekeature on the production
rate of the unit:

Production rzte at T -Production rate at 7° F X

For each degree rise in feed-water temperature, the production rate
will rise 1.1 percent. In the laboratory tests conducted, this re-
lationship was fou-d to hold reasonably true within experimental
error.



The change in feed water salinity had a very measur-
able impact on the production rate, and data obtained in the course
of the various laboratory tests is shown in Fig. 17. The plot of
feed salinity versus production rate at 700 F shows that the slope
changes rapidly from 1,650 to 3,500 mg/l NaC1 and is essentially
constant from 5,000 to 12,000 mg/l NaCl.

*0
* SCII- -

40

S8 0--- 4--4--- - __

4- I luutT(b. |

O0 a 4 6 a #a It 14.

Fee0 WATER SALINITY %^#/ WClI00'91

Fig. 17. Effects of feed water salinity on production rate

(product water contained 500 mg/1 TDS).

6. Field Studieq. The following field studies were conduct-
ed at Jackass Flats, Nevada Test Site (Figs. 18 and 19). The water
used for the studies was obtained from well J-11. The depth of the
well was 1,330 feet. The electrodialysis unit was housed in a tem-
porary building (Fig. 18). Well water was pumped to a 500-gallon,
GRS-coated nylon tank used as the feed "amk for the electrodialysis
unit.

a. Description of Equipment. The electrodialysis unit
wa& assembled in a manner similar to the arrangement used for the
Fort Belvoir tests, with the exception of an added ameter which
had a range of 0 to 1.000 ampere and could be read to plus or minus
0.005 ampere. This low-range maeter was necessary since the feed
water was demineralized to low levels (1.5 mg/1 TDS) during the
decontamination tests. The control panel for the unit is shown in
Fig. 20. Figure 21 shows the right porttoa of the unit with the
membrane stack at the right.

The membrane stack contained the sam type of mem-
branes as those used in the Fort Belvoir tests, the only difference
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F9336
Fig. 18. Location of electrodialysis unit at teat site.

G9270
Fig. 19. View of test area, Jakass FlAts, Nevad~a test Site.
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19352
Fig. 20. Control panel vith a-a and d-c vatthour meters and
milliam•ter.

F9353
Fig. 21. Hydraulio system of electrodiaiysis unit.
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was that the stack contained 96 cell-pairs (48 cell-pairs in each
half of the stack) instead of 100 cell-pairs. The two extra sets
of holes found in the old-type spacers seemed to be of no sign:i.fi.
cant use, and, therefore, new spacers with only two sets of holes
were used. Previous tests at Fort Belvoir showed that the old-type
(four sets of holes) spacer was unsatisfactory (Fig. 12).

For the decontamination tests, a 3,000-gallon feed-
water tank cuntaining water from well J-11 was used. A solution
containing 144 millicuries of Cs1 37 in the chloride form was added
to the well wat-r to an initial level of 1.26 x 10- 2 !A c/ml.

b. Te ts and Test Results.

(1) Demineralizaticn Studies.
(a) Run Numbcr i. ,Tia teot, consisted of the

demineralization of a brackish well water contaLnin. 889
mg/l TDS to a level of 500 mg/l or below. This initial
test otsrted on 30 September 1959 and lasted until 22
October 1959. The total operating time was 100 hours.

Following is an analysis of brackish water
fr ~~'*"

Concentration

Calcium, Ca 82.4
Magnesium, Mg 12.4
Iron, Fe 1.3
Chloride, C1 18.1
Bicarbonate, HCO 3  53.7
Silica, SiO2 (non-ionic) (64)
Sulfate, SO0 528
Total Dissolved Solids 889
pH 7.8 units

On 24 September, the electrodialysis unit
was assembled inside the building. New perm-selective
membranes and membrane spacers (Figs. 22 and 23) were u.sed
an components in the stack. Brackish water was pumped to
the unit from the 500-gallon tank outside the building.

From 25 to 26 September, the unit was tested
for leaks and other hydraulic and mechanical faults. The
merbrane stack showed no excessiie leakage such as that ex-
perienced in the Fort Belvoir tests. The conductivity con-
trol was recalibrated, and it was determined that a meter
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Fig. 22. Membrane stack. Fl1119

F111

Flllli
Fig. 23. Membrane stack disasseabled (acid storage tank
sho• , to rear of stack).



setting of 300 u mhos/cm would correspond to an eff~luent
product conc-!ntration of ap~roximately 300 m%/1 TDS,

The initial run began cn 30 September, and
no appreciable problems were encountered until 8 October.
The stack was electrically probed with a portable chameter
tc check the membrane stack for high-resistance spots be-
ýause the production rate had decreased. from 63.4 to 42.5
gph du)ring that period. Table IV 1ncludes operating data
for the period 30 September through o October 1958.

Table IV. Operating Data, 30 September 8 October(a)

Date TF V, Cs Pa F Rp Bw Ed Pf A to

30 Sep 75 56 0.8 63.4 0 6 3.7 12.4 26.3 1.9 28 7.1
30 Sep-i Oct 74 57 0.7 55.0 0.6 38 13.4 26.3 3.0 28 14.3
2 Oct 74 57 0.6 51.7 0.6 3.8 13.0 25.4 3.9 2_8 3.1
2-3 Oct 72 56 0.6 47 7 0.6 3.8 17.2 24.6 r.0(b) 2 8 14.8
5 Oct 70 56 0.55 42.2 0.6 3.8 - 24.9 1.6 35 5.8
6 Oct 75 57.5 0.5 44.7 0.6 3.8 20.2 21,h 2.4 35 6.9
7 Oct 72 57.5 0.5 40.2 0.6 3.8 16 6 24.2 2.5 35 7.9
8 Oct 75 56 0.42 42.4 0.6 3.7 18.6 25.2 4,9 35 g.b

(a) Where: TF -average temperature of feed water, OF.
Vs = voltage at start of cycle, volts.

Cs = current at start of cycle, amps.

Pa = average reproduction rate, gph.
F - feed wa~er to brine recirculation, gpm.

Rp - product recirculation, gpm.
Bw = brine waste stream rate, gph.

Ew - electrode waste stream rate, gph.
Pf - pressure drop across filters, psi.
A - acid (1-2ý NaHS 4 ) feed to concentration and

electrode cells, gallons per 24..hour day.
to - operating time, hours.

(b) Filter cartridges in feed line replaced.

The data included in Table IV show a marked
decrease in production rate during, the first 67 hours of
operation. Also at the start of the cycle, the progressive
drop in current and the presence of q 1:9rticularly high



31

F9420
Fig. 24. Anion membrane depicting iron slime (see arrows).

4 ~. -. -

F9419
F1g. 25. Precipitated aii•.i on anin rmbrane and spacer.
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resistance spot approximately 1.5 inches below the bottom
anode indicated that there was a stoppage in flow between
one or more cells. There were other resistance spots
throu•g the entire membrane stack but none as high as the
one previously mentioned.

Upon inspection of the stack components,
it was found that practically all of the anion membranes
were covered with a thin, brown slime which was analyzed
and found to contain iron. Some anion membranes were
covered with more slime than others, but the slime was
i variably found on the dilution side of the anion mem-
b .anes. In Fig. 24, the arrows indicate the iron slime
dtposits, particularly on the bottom section of the mem-
brane (the lighter sections resembling flow paths contain
the iron slime). The anion membranes and sPacers were
soaked in 0.5 N 1Ci for approximately 24 hours. This
acid cleaning removed the last traces of slime from the
membranes and spacers. The 500-gallon feed tank outside
of the shack was refilled with brackish water. Six pounds
of citric acid was added to this tank, and the 500 gallons
of water was pumped through the unit (rectifier off) to
flush the hydraulic cystem of all iron deposits. This
water was pumped to the unit at a rate of 1.2 gpm.

When the lower half of the stack was in-
spected closer on 19 October, it was found that one en-
tire cell was completely blocked with silica scale on the
concentration side of the anion membrane (Fig. 25). This
silica was a hard, solid material which precipitated in
that particular cell because a spacer was incorrectly as-
sembled. Blockage of the cell was complete; no water
flow was allowed through the cell. The anion membrane
"ad to be replaced since the silica deposit could not be

removed.

Figure 26 shows the decrease in production
rate (during the first 67 hours of the run) due to iron
sliming. After the anion membranes were acid cleaned and
tVe unit was flushed, the production rate increased but
dropped off rapidly because of the blocked cell caused by
the silica deposits. After four anion membranes were re-
placed because of the silica deposits, the production in-
creased rapidly to a 70-gph rate.

The experience gained from this first test
led to the conclusion that proper pH control of the brine
blowdown stream would prevent irc-n sliming and silica
scaling of the membranes.
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Fig. 26. Effects of iron sll•uing and acid cleaning on produc-
tion rate.

The data included in Table V represent
effectiveness of the elect-odialy•ic prcmess for remval
of ionized salts from brackish waters.

Table V. Removal of Ionized Salts

Ion Raw Water Product Removal(ma/i) (ma/i) ....... (%)

Ca 82.4 19 77
-Mg 12.4 3.2 74
Fe 1.3 0.6 54
C1 18.1 7 61
HC0 3  53.7 26 52
SO4  528.0 1314 75
SiO2 (non-ionic) (614.) (614) 0

889.0 311 65

The &ita in Table V are for the 1(0-hour run. Concentra-
tions of dissolved salts in the product stream, as shown
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above., are average values taken during the first run.
Silica was not removed. Silica existed, not in the
ionized form, but. as a colloidal, unreactive substance
with no ionic ch,-.rge and, therefore, was not removed by
the electrodialysis unlt.4

(b) Run Number 2. On 28 October, brackish
water having the following analysis was pumped to the
electrodialysis unit:

Concentration, mg/l

Calcium, Ca 84.0
Magnesium, Mg 10.2
Iron, Fe 0.8
Chloride, C1 18.5
Sulfate, SO4 522.
Bicarbonate, HCO3  53.6
Silica, SiO2  (64) Non-ionized,

colloidal
Total Dissolved Solids 788
PH 7.8 units

It was found that a setting of 20 p mhos/cm on the con-
ductivity meter would give an effluent product with a
concentration of 5 mg/1 TDS as NaCl. 5 A setting of 0 iA
mhos/a• corresponded to a produnt concentration of 1.5
mg/1 TDS as NaCI. The feed water also contained
1.26 x 10-2 p curie/ml Cs 1 37 in the chloride form, but
the study on radioactivity removal will be discissed
later in the report.

Table VI includes operating data for the
period 28 October to 3 November.

On 29 October, water samples of the product
and brine stream were taken at precise time intervals dur-
ing the fourth cycle. (A cycle is the time required to
demineralize one batch of water or about 25 gallons.)
Total chemical analyses were made on each individual sam-
ple to determine the total dissolved solids content.
Accurate recordings of the stack current were made with a
special ameter which could be read to plus or minus 0.005
amp. The results are shown in Fig. 27. Since the current

4. This assumption was used in the calculation of total dissolved
solids in Test No. 2.

5. A special purity meter was used.



36

Table VI. Operating Data, 28 October - 3 November*

Date TF Vs Ve Cs Ce Pa F Ri B Ew A to S

28 Oct 68, 56 58 0.65 0.033 14.6 0.6 3.7 21.5 21.4 2 7.0 5.0
29 Oct 59 56 58 0.58 0.032 12.8 0.6 3.6 23.4 22.0 2 7.3 5.0
30 Oct 50 56 58 0.58 0.030 9.9 0.6 3.5 18.0 23.8 - 6.8 5.0
31 Oct 51 56 58 0.52 0.030 9.7 0.6 3.5 19.8 23.1 2 7.0 4.8

2 Nov 52 544. 56 0.54 0.018 6.1 0.6 3.5 20.2 22.5 2 7.4 1.5
3 Nov 51 56.2 57.8 0.52 0.018 5.9 0.6 3.5 19.6 23.0 2 3.8 1.5

* Where: TF = average temperature of feed water, OF.

V6 = voltage at start of cycle, volts.
Ve = voltage at end of cycle, volts.
Cs - current at start of cycle, amps.
Ce = current at end of cycle, amps.
Pa = average production rate, gph.
F - feed water to brine recirculation, gym.
Rp product recirculation, gpm.
Bw - brine waste stream rate, gph.
Ew electrode waste stream rate, gph.
A -acid (1.5% NaBSO4 ) feed, gph.
to- operating time, hours.
S - product concentration, mg/1 TDS as NaC1.

is proportional to the total dissolved solids content of the
water being demineralized, one would expect the curves to be
alike. The cycle time wai 98.7 minutes. The production
rate at 590 F was 12.8 gph. About 91 percent of the total
dissolved solids was removed after 10 minutes of operation;
96 percent removal was accomplished after 60 minutes of
operation. The concentration of the brine stream decreased
with time due to the fact that more minerals or ions were
removed from the feed water in the beginning or early part
of the cycle than at the end.

Since the demineralization unit operates on a
batch cycle, a specific quantity of raw water is recirculated
and an approximate 40-percent reduction in total dissolved
solids is realized. Each recir.ulation of this specific
quantity of water is known as a "pas.0 In order zo demin-
eralize a brackish water containing 00 mgj/1 mS down to
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Fig. 28. Total dissolved solids removal per pass through stack.

300 mgi TIDS, approximately three passes through the
stack are required (Fig. 28). It takes approximately ton
passes through the membrane stsc.% to dea/emlerlze the Samater down to a level of 5 Igl •8. It was found ezpert-
mentally that each pass took sbout 10 inutes. From these
facts, the production ratF ca2 be akppersoatep for any

given set of conditions.

Table VII represents the results of the
deaineraliz'tion tests which were conr4zted In Jackass
Flats, Nevada.

Table VII. Demineralizatlon Test Results

Characteristic Test INmber
123

Feed water, n4/1 IDS 889 788 788
Product water, mg/I TD8 31L 5.0 1.5*
Product water, gal. 5520 332 67
Brie waste, Gl. 1720 583 2"
Inectrde wtaste, gal. 2360 635 253
Total wate; used, ga. 9600 1552 51
rength of test, hrs lO0.A 28.1 11.2
A.C. power used (total X0-Ut) 66 17 6 ;
D.C. to stack, XW-BR 5.05 0.42 0.10
Avwme temp., or 71 57 51
Power cons $tI±on, KW-U/O00 Sal. UI 52 90

-''"g' - ......

/
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The power consumption figures were calculated at the ave-
rage temperatures given. The relationship be..veen the
amount of total dissolved solids removed from the feed-
water stream azrd the power consumed during the deminerali-
zation is expressed in Fig. 29. Figure 29 shows that the
power consumption increased moderately as the feed wate~r
was being demineralized, but there was a marked increase
in the power consumption after 89 p~ercent (800 mg/i) of
the ionized salts was removed.

.i ... ...:.F ...
.~ ~ ~ ~ ~ ~ ~ :t . ......

..:: .y .th ......

inoc . Fil ba..e were place ... .... .nit
inorder ..o determine th.a. octt

variou locations. g.w. 30 s .ow .t .. oitoso
badges,~~~ a..d the. .... o .rai.tvt ac..ae

.t., t.sts i. epe.e.nT.l ii imbdgswr

place on. t fe unt of ItDe follo ani positionsumtin
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(a) Inlet feed-water line.

(b) Product recircultiorn line ahead of the
filter.

(c) Discharge side of the brine recirculation
pump prior to the stack.

(d) Brine discherge line to waste.

(e) Electrode waste discharge line.

(f) Product water discharge line.

(g) Upper half of the stack.

(h) Lower half of the stack.

Table VIII. Film Badge Data

Number Film Badge Positions* ',7 Total Time Total Average
) (hr) (mrcm) (mremlhr)

1 Inlet Raw Water Line 147.3(a) 475 3.22
2 Product Recirculatiun Llae 147.3 130 0.88
3 Brine Discharge Line from

Pump to unit 147.3 140 0.95
4 Brine Discharge Line to Waste 147.3 300 2.04
5 Electrode Line Discha:ge 147.3 220 1.49
6 Product Discharge Line 147.3(b 110 0.75
7 Top Stack, Facing 142. 5 (b) 2900 20.3
8 Bottom Stack, Facing 142.5 2900 20.3

Film badges attached 28 October 1959; (a) at 1415 hours, (b) at
0930 hours; removed 3 November 1959 at 12145 houri.

*Personnel Film Bge ReadiM
(mirem)

Experimenter 10
Operator No. 1 10
Operator No. 2 (10
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Fig. 31. Cesius-137 concentrationl decrease itz fad Uek (at
point or exit) during decontamination toots.

On 2 November, the conductivity setting ws

changed to 0 1& mbos3/C. The conceniration of the feod water
was nov 0.81 x 10O2 P curies/al or a 36-percent decrease from
the initial contamination. Figure 31 shove this decrease in
feed water contamination. Since there were may dust storm
in Jackas Flats, Nevada, and the 3,000-gtl1on raw water tank
was not covered, it my be assumed that sand aid Lust parti-
aes entered the tank. When this foreigp, Inert amterial
settled, It is probable that the cesiiu-137 was asorbed on
these pArticles and crrted down to the bottam of the tank.

On 29 October, water samples ware a -l1aaoougly
tkesm of both the product end brine strm dwif. cyclo No. Is.
The reason for the sampling was to doterilne the rate of nov-
al of cealm-l37 radloactivlty from the feed water ad the rate
of concentration of this radioactivity in the brine blowdown
stream, (Fig. 32). Approximately 85 peoisent or the cesium-137
radloactivty had been removed after 20 minutes of operation.
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The length of the cycle was 98.7 minutes. Over 99.9 percent
removal was realized.

The reoults of the decontamination studies uti-
lizing the electrodialysis unit were as shown in Table IX. The
total operating time of 39.3 hours with 99.4 to 99.9 percent of
the initial radioactivity removed by the electrodialysis unit.

Table IX. Results of Decontamination Tests
Conducted in Jackass Flats

Date Cond. Raw Brine Blec- ,
Setting(a) ater(b) Product(b) Waste(b) trode(b) Removal

28 Oct 20 1.24x10"2 18x10"6  1.33x10"2 1.29x10` 2  99-9
29 Oct 20 1.1 24 1.29 1.31 99.8
30 Oct 2',) 0.97 56 0.98 0.98 -99.14
31 Oct 2Co 0.88 48 0.88 0.82 99.5
2 Nov 0 0.81 9 0.78 0.74 99.9
3 Nov 0 0.71 12 0.71 0.66 99.8

(a) Expressed as p mhos/^m.
(b) Cesium-137 concentration, P curies/mL.L

The tlectrodialysis unit was lecontandnated upon
completion of the decontamination studies. Aprozximstely 5
pounds of citric acid was dissolved in the 500-gallon feed tank
which contained brackish water from well J-11. This acidified
water (pH V3) waa fed to the unit at a rate of 1.0 gpm. The
exterior of the membrane stack, before decontanmiation, gave a
reading of 12 mr/hr on the survey meter. After the unit was
acid flushed for 4 hours (rectifier off), the survey meter in-
dicated 7 mr/hr about the membrane stack. The unit was again
flushed with raw water (no acid) for approximately 4 hours.
Survey meter readings of various sections of the unit were less
than 1 mr/hr. These readings were of the hydralic system only;
not the membrane stack. The membranes were rewved from the
stack and placed in two 15-gallon polyethylene drums containing
a weak citric acid solution for approximately I month after
which a reading of less than 3 mr/hr we obtained.

III. DISCUSSION

7. Examination of Test Results. A series of tests was con-
ducted on the newly acquired electric-membrane demineralizer. The
purposq of these tests was to obtain operational data of the process

f.
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for the demineralization of water. In the early tests, the demin-
eralizer was operated to obtain information relative to the operat-
ing procedures involved. In aL'ý'tion to the test data presented in
sections II and III of this report, Appendii 2 includes all tabu-
lated data with reference to the graphs used ard all chemical analy-
ses performed during the tests.

During the initial tests in 1958, sliming of the membranes
due to iron caused many difficulties. This sliming resulted in an
increase in membrane electrical resistance and a decrease in produc-
tion rate In one instance, the pressure drop across the inlet
filters was noted to be 15 psi. After the unit was shut down, a
careful ins- ection of the filter was made. It was found that the
two filter ..artridges .. ;re completely plugged with a brown, mud-like
substance. It was later determined that the maximum safe pressure
drop across the inlet filters was 5.0 psi.

Clarification of the feed water prior to demineralization
was necessary. If not eliminated, the turbidity and suspended mat-
ter entering the unit w. 1* be walsurued on the membrane surfaces
blocking mzm-brac ";ores" and increasing membrane resistance. This
will prevent the dialysis process from functioning properly. If Uhe
pressure drop across the filters exceeds a maximum value, turbidity
penetrates the fa.lter and is discharged into the feed-water stream
to the membranes.

The brown, mud-like substance w•ntioned above was analyzed
qualitatively and found to contain appreciable amounts of iron. Four
hundred and fifty gallons of 0.03 percent citric acid containing
2,830 mg/l NaCl (pH - 3.3) was fed to the unit to flush the hydraulic'
system. This removed the iron slime and any acid-soluble scale
(CaC0 3 , Mg(OH) 2 , etc.) formed. Citric acid is a very useful solid
acid. When dissolved in water and fed to the membrane stack, citric
acid acts as an acid to neutralize any carbonates, hydroxides, or
oxides formed and as a chelating agent to sequester magnesium and
calcium ions which my form scale. In some cases, the acid flushing
did not remove all of the iron slime from the membranes. The mem-
branes had to be scrubbed individually to effect an efficient removal
of the slime. If the feed water contains an appreciable concentra-
tion of iron, particularly in the ferrous s'te, pretreatment by
aeration or coagulation and filtration may 1.t necessary. If iron is
allowed to enter the membrane stack untreated, the anion membranes
will be impaired. In all cases, the iron slime was found on the di-
lution side of the anion membranes. The iron In the feed water will
react with the hydroxide formed as a result of i e alkalinity pres-
ent (at pH P 7.0) and form hydroxidea of iron (ferric or ferrous).
It was not these specific hydroxide-; which caused the sliming, how-
evr, oy tbe iron slime would have been found on the dilute side of
the cation membrane, Iron slime was never found on this membrane.
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(The assumption is made that concentration polarization conditions
di& not exist at any timra.) It was an anionic form of iron hydrox-
ide, Fe(OH)', which is believed to have been the direct cause of the
blockage. The Fe(OH)3 would be attracted to the anode, but sin'-e it
is a relatively large anion it is not able to pass through the anion
membrane "pores" and thus would begin to build up on the dilute side
of the membrane, increasing its electrical resistance (Fig. 24).

The high-res istance spots in the membrane stack were de-
tected with the use of a portable volt-ohmmeter. The sections ,;f
high resistance were found by probing; when the high-resistance
spot was found, tl k meter showed a definite increase in voltage.

The irot. hydroA.ides which were not adsorbed on the anion
membranes were removed by a cartridge-type filter placed in the
product recirculation line. Much brown-like material was removed by
this filt,:r during both the Fort Belvoir tests and the field studies
at Nevada. It is believed that filtration of recirculated water is
helpful and will extend maintenance-free operating cycles.

The brackish water uRM at Jackass Flats, Nevada, con-
tained some 64 mg/l silica. Results indicate that the electrodlialy-
sis unit did not remove silica. Tn one iustance, electrical probing
of the stack disclosed an extremely high resistance in the bnttom
section of the membrane stack. The cause of the bigh resistance was
apparent when the stack was taken apart. One complete cell was
filled with precipitatLed silica on the concentr.te side of the anion,
while on the dilute side iron slime wan found (7Fg. 25). The cell
was so filled with silica that there was no water flow through the
cell, The stoppage was caused by a spacer which had been incorrect-
ly Taoricated. The anion membrane and spacer had to be replaced,
sirce the silica could not be removed without the anion membrane be-
inm damWea. It was found that if the pH of the brine stream were
kept high (pH 3, 7.0) in order to prevent silica scaling, iron hy-
droxid. would begin to precipit-Ate in the cells and sliming would
rebult; however, if the pH of the brine stream were lowered to 3.0,
silicic acid, H28iO3 .XH20, would form on the membranes. The pH of
the brine stream was, therefore, maintaived between 6.5 to 7.5 with-
out further scaling or sliming difficulties during the remainder of
the field tests.

During ibe .oint decont= nationn-iaminewalizatiwi tests
witt, the electrodial::sis unit, an unusual problem appeared. With a
setting of 0 0 mbos/cm on the conductivity mtter, an effluent
product wt'.er containing 1.5 O,/I! TDS as KaCi resulted. This meas-
urme.uz ~ oadtioted using a purity meter, spt -. ficall- designed for
low salt carncntrations (less than 3.5.0 mW/l TD5 as NaCl). A silica
cwtersination %qu done on this same product water sample; the sam-
ple was found to contain about 64 mg/i Si02. From this .!ct, it was
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concluded that silica was not removed by the elee'-.odialysis process
and existad as a non-ionic, unreactive substance.

Fi•ure 1 depicts a cross-sectional side view of the mem-
brane stack. It can be seen that the electrode (anode and cathode)
cell effluents are discharged to waste. Since chlort.ne, hydrogen,
and oxygen gases are evolved at these electrodes, the electrode
cells must be flushed with water. This effluent waste stream must
then be suitably vented and discharged. The following chemical
eq;'ations are the reactions which occur at tuie electrodes:

a. Cathode, negative electrode.

(1) e- + Na+ =Na (metallic)

(2) 2Nao+2H 20=2Nat+2OH-+H 2 (g)
(over-all reaction)

b. Anode, positive electrode.

(1) 2 Cl" = C12 (g) + 2 e-

(2) 2 O - 1/2 02 (g) + H 2 0 + 2 e

It can te seen from equation a(2) that hydroxide t.ons are liberated
at the cathodes. The concentration of hydroxide ion is proportional
to the current in the stack; since the ci.rrent is at its peak in
the commencement of a cycle, the hydroxide-ion concentration reaches
a maximum then also (Fig. 16). It is necessary, therefore, to neu-
tralize the hydroxide ions formed with acid or scale will build up
in the electrode cells. The pH of this electrode stream must not
exceed 4..0 at any time. The acid concentration and rate of feed to
the electrode stream are dependent upon peak d-c voltage assuming,
of course, that the acid is mixed with demineralized water to obtain
the desired initial concentration.

The same is also true of the brine blowdown stream. Acid
must be fed to this waste stream in order to prevent the formation
of calcium carbonate scale. The concentration and acid feed rate is
dependent upon the total dissolved solids, pH, calcium, and bicarbo-
nate concentration of the brine waste stream and its temperature.
From these data, a Langelier Index is calculated (example given in
Fig. 33). A Langeli-r, or scaling, Index is equal to the actual pH
minus the sum pH obtiined from the chart. Any positive index ob-
tained indicates a sealing condition; acid, therefore, itust be
added to the brine waste stream to remove bicarbonate ion, HCOS, u.i-
til an index of less than -0.5 is obtained. As can be seen in the
example gl,;en, the index is -0.96, a negative iZL•x, which indicates
the existence of a safe operating condition.
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Because of problems involving transportation and handling,
a solid acid salt such as sodium bisulftte, NaHS0 4 , was used. When
mixed with deionized water, ,odi'im bisulfate becomes an acid by
ionization. The acid solution of bisulfate is injected from a
polyethylene-lined drum into both the electrode and brine blowdown
streams by a corrosion-resistant duplex proportioning pump. The
acid feed rate to each stream is controlled by adjustment of the
acid-pump strokes. If scaling conditions exist (positive Langelier
Index), the acid is fed accordingly to the brine waste stream as de-
termined by the Langelier Index. Bisulfate concentrations between
1 and 2 per-ent were used in Nevada; tV.-3 reason for these low acid
cnncentration, was the low alkalinity (54 mg/i as HC03) present in
the brackish rater. Citric acid may be used to decoLtamlnate and
also to remove soluble precipitates such as '-^^ 3 and Mg(OH) 2 .

Since the brackish water from well J-11 in Jackass Flats
contv= ed approximately 82 mg/1 calcium ion and 525 mg/i sulfate
ion, tne brine waste stream had to be analyzed frequently in the
early stages of the field tests to determine if the calcium sulfate
concentration was reaching or would exceed the theoretical solubil-
ity limit. The feet water tu the brine blowdown stream was kept at
0.6 gpm In order to prevent calcium sulfate precipitation and silica
scale formation in the membrane compartments. 0

The decontamination and demlneralization tests were per-
formed simultaneously on brackish water containing 788 mg/i TDS and
1.26 x 10- 2 P curies/ml cesium-137 dissolve-i radioactivity. The re-
sults of the chemical analyses of water samples collected during the
test are plotted in Fig. 34.

The drinkpng water tolerance for one year of military con-
sumption is 3 x 10-4 curies/ml. After 50 minutes of operation dur-
ing cycle No. 4, the cesium-137 dissolved radioactiv~ty was removed
by the electrodialysis unit to approximately 3 x 10" 1& curies/ml;
at this time, there remained only about 50 mg/i TDS in the product
stream; this was a 94-pereent removal of total dissolved solids.
A production rate of approximately 33 gph at 700 F would be realized
if the cycle time were cut from 98.7 to 50 minutes and the effluent

. product would be within the tolerance level of 3 x 10-4 P curies/mi
and a total dissolved solids content of 50 mg/1. From the previous
tests, it was concluded that the electrodialysis process jJas capable
of removing ionized salts from brackish waters down to a level of
1.5 mg/1 TDS as NaCl.

Figures 35 through 38 deyict the removal of specific ions
during a typical demineralization cycle (800 mg/l TDS to 5 mg/i TDS).

6. Further information on the scaling problem is included in
reference 13.
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Table X, based on data taken from Figs. 35 through 38,
shows that after 60 minutes of operation Calcium and magnesium ions
were removed to approximately the same extent; sulfate and chloride
ions were also removed in like manner and bicarbonate ion shoved a
removal of 84 percent after 60 minutes of operation.

Table X. Demineralization Results

Cycle No. 4 Initial Product
After 604Minute Concentration Concentration Removal

Operation (mg/1) (9J/1) (5)

Ca, a CaCO03  210 --- 7.7 99
Mg, as CaCO3  42 1.8 q5

5014 522 15 97
Cl 18.5 0.7 96
HC0 3 53.6 8.T 84
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On 19 September 1958, the electrodialysis unit was shut
down due to unusually nigh resistance in the membrane stack. Upon
further inspection of the stack, many spacers were found with sec-
tions literally "melted." The melted sections were opaque, yellow
in color. The spacers, composed of a polyvinylchloride-type plastic
material, showed appreciable damage around the "holes" (Fig. 12).
The adjacent membranes appeared to be burned and were warped in
similar places, so much so as to render them incapable of performing
efficiently; the damaged membranes, therefore, had to be replaced.
In the Nevada field tests, a new type of spacer was used: one hav-
ing only tvo sets of holes, instead of the old type containing four
sets of holes (Fig. 12). These new spacers performed exceptionally
well in the fLeld. It is believed that the reason for the melting
at the holes of the old type of spacer was due to degradation of the
polyvinylchloride plastic material. This degradation was caused by
chlorine or chloride ions retained in the holes of the spacers (due
to high current densities in these areas) during demineralization.

The only other difficulty which involved a membrane spacer
occurred during the Nevada field tests. A spacer which was not
properly fabricated caused a cell in the membrane stack to become
filled with silica deposits. After this spacer was replaced with a
new one, no more scaling or blockage problems were encountered dur-
ing the tests.

The film badge data (Table VIII) Indicate that the maximum
cesium..137 radioactivity im emitted from tk-e membrane stack during
operation (2,900 urem total). The average dosage from the stack was
20.3 mrem/hr during the decontamination studies run of approximately
39 hours. This dosage is relatively low and would not present a
hazard to the operator. When the film badges worn by the experi-
menter and the operators were developed, cumulative dosages of 10
mrem were recorded in all cases. Since the dosimeters or film badges
used give cumulative recordings, the dosage m~y eventually become
relatively high and may present a hazard to the operator. The mem-
branes may have to be decontaminated with acid to reove this ab-
sorbed radioactivity.

Decontamination of the electrodialysis unit was accom-
plished during the period 4 to 6 November. Five hundred gallons of
0.15 percent citric acid was pumped to the unit at a rate of 1.0 piml.
A beta..•gaua survey meter was used to probe possible hot-spots in the
unit. The maximum reading, 1. mr/hr, occurred at the exterior of the
membrane stack before decontamination with acid; the reading was re-
duced to 7 mr/hr after 4 hours of acid flushing. live hundred gal-
lone of raw brackish water (no acid) was pumped to the unit to remove
the last traces of acid. The maximuL reading found when the unit
was probed was 2 mr/hr. The membrane stack was stored in two 15-
gallon polyethylene drums containing a weak citric acid solution.
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The membranes, 4 weeks later, gave a reading of less than 1 mr/hr
af~ter they were flushed repeatedly with tap water.

8. Evaluation of the Unit. Laboratory and field tezts showed
that the electrodialysis process is capable of removing ionized
salts from brackish waters containing up to 12,000 mg/l TDS; how-
ever, the higher the concentration of the feed wvater to be demin-
eralized. the higher the power consumption and the lower the produc-
tion rate. The feed water temperature also affects the production
rate; each degree Fahrenheit rise in feed water temperature results
in a 1.1 percent rise in production rate.

The resv Lts of the decontamination sttiies cond'.cted in
the field indicate I a removal of more than 99 percent of the dis-
solved radioisoto.e cesium-137. When developed, film badges placed
in strategic positions on the unit showed a mxion average dosage
of 20.3 orem/hr about the membrane btack itself. The unit can be
effectively decontaminated with a dilute citric arid solution.

a. Operator Techniques. The operator should have a
working knowledge of water treatment such as that taught to a water
supply specialist. Some techniques that the operator in the field
will be required to be familiar with include;

(1) How to assemble the membrane stack properly.

(2) Bow zo perform chemical test4 on the feed water,
and based on results change operating proceisur to obtain best
perfo.nance.

(3) How to adjust the brine blotwdon stream flow
rate for high sulfate concentrations in oider to prevent cal-
cium sulfate scale formation in the membrane cells.

(4) How to determine concentration and flow rate of
acid necessary to reduce alkalinity in the brine waste stream
and hydroxide ion concentration in the electrode waste stream.

b. Operational Requirements. The folloinvg are opera-
tional requirements for an electrodialysis unit:

(1) A chemical analysis of the food water is neces-
sary to determl.ne calcium and mganesium hardness, alkalinity,
iron, sulfate, chloride, pH, turbidity and/or silica, and, if
necessary, sulfide and manganese. A compact water analysis kit
can be developed for field operation.

(2) Iron oxides, turbidity, slime, alges, and bac-
teria must be removed from the feed water by suitable pretreatment
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methods before being pumped to the membrane stack for
demineralizatiun.

(3) The pH of the brine biowdow stream (by constant
acid feeding) should be kept from 0.5 to 1.0 pH unit below the
pH of the feed water in order to minimize the calcium carbonate
scaling potential.

(4) Careful anaI-is of the brine blowdown stream
for sulfates is necessary to prevent calcium sulfate scaling of
the -.cmbraue cells.

(5) The pH of the electrode stream must be main-
tained from 3.5 to 4.0 at the beginning of a cycle.

Table XI contains comparative data on three processesustyl experimentally by the Army to produce potable tinter for mili-
tary use. Values given are estimates.

Table XI. Comparative Data

Type of Water Water Produced
Process Raw Product Gal. per lb Lb per lb

(mg/l TDS) Supples Supplies

Blectrodialysis 3,500 500 32 270102 2 33

Ion Zxchange 3,500 500 5.5 45
102 2 160 1,330

Distillation 3,500 410 18 150
102 o10 18 150

It can be seen from the data in Table XI that the
batch-type electrodialysis process produces more water per pound of
supplies used than does either the Lon exchange or distillation
process vhen approximately 3,000 Og/i of ionized salts Is removed
from a brackish water conttaining 3,500 mg/1 ¶1)8. When 2.00 mg/l
Ionized salts is reved from a feed water containing 102 mg/Wl 15,
the Ion exchange process Is far superior to either the electrodialy-
six or the distillation process. The economical method. for field
demineralization of water would, therefore, seem to be a combination
electrod~ilytic/ion exchange process operating in series when water
of very low mineral content is desired ma required in removal of
radloactivo oontinents.

/\
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IV. CONCLUSIONS

9. Conclusions. It is concluded:

a. The electrodialysis process (batch-type) is a more
economical process than either ion exchange or vapor-compression
distillation for removing dissolved mineralE from a brackiRh water
containing 3,OO mg/I IDS down to a drink le level of 500 mg/i TDS.

b. Dissolved radioisotopes can be removed from water in
high percentages by operation of the unit for complete demineraliza-

i.ion, but it would not be practicable to do this from a military
point of view, sin e the production rate would decrease sharply and
concentration pola ization may become signific&.'.

c. Further laboratory and field tests using the electro-
dialysis process are necessary in order to develop simplified oper-
ating techniques, optimize performance, and adapt the process to
military usage.

e

- - I IIIIII--I- - - - - ---- -
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GLOSSARY

1. Spacer- A plastic manifolded section used between mem-

branes to control hydraulic flow of fluid (see Fig. 22).

.2. Influent - That water entering the unit.

3. Effluent - That water leaving the unit.

!4. Holes - Circular openings cut into the plastic spacers
(Bee Fig. rUT?

5. It.alting - The changing of the chemical structure and phys-

ical appearance of a spacer (see Figs.12 and 13).

6. m curie/ml,- micro-curie per milliliter or 10-6 curie/mi.

7. TDS - Total dissolved solids.

8. M - milligrams per liter or parts per million, ppm.

9. !r/h - milli-roentgens per hour or all the gama radia-
tion measured per unit of time.

10. mrem - milli-roentgen equivalent man or all ionizing
radiation emitted (sum total).

11. 2 Cl" ----4 C12 (g) + 2e- This chemica" equation
states that two chloride ions are ox.idized to chlorine 0. with the
gain of two electrons (equation b(l), paragmrh 7).

12. Uplanation of Graph Nomenclature - _Rxamle shown below.

t.

e
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The above graph is a plot -# salinity on the oruinate versus time on
the abscissa. A' time minutes, the salinity (nag/1 Ned x i0-3) -
3.5. Hence, the salinity - 3.5 x 103 or 31500 mg/i NaOl. This nomen-
clature is used tuVhtgbout the report.
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of pulvierized liintcom welative to its Ism as a oleant, aid
in OuDIN ecintet cleritims.

(e) Xae**tgat. the oeffisisoq, effmihotime od heavilng jebleg
assooiated vith the us of uter tnamaot ehmieels mede for
thel "W10414112 Of 1111201 WItAfte in the fiodA to reduce cos,

I&Mi eat hok 0of z Ieqde eqedabl eqp~s.
(d) Zwesttgsto the diuiafthtiam woopamatse ead wothois used J

eODWjtiem with the mutr purifiaatise prsesses eqloiftqgld
ocateot clu~ifsr YAd distrnite filter,

0 color egateout teqinrstisr, soa 011dod SOattca1 or 220tm qinlit
This projet ail prvide valuable imiautiam god e424e44a dat 8411"~
to ipw* theo porfmiummag oe av .qgiimet remtyietpiam preice
a e effuex*a Not GeccOInis operam" Nothei.
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(6) Investigate the effectiveness of chlorine as a disinfectant or,
hichly colored waters.

()Investigate the influence of the meechanics Of evaporation on tt.8
t.'Pe arA pbrsical characterl~istia Of scale formed in sea water
ovap ratora.

(2) Military :haraoteristics:
Not appi cable.

b. P(i A t"og1 investigation incluing labortory and full scale con-

arativo tests winl be &Mae to determine:
(ra) ffects of slurr concentrations, flow rates, design and

hydraulics of solids ccnta.zt clarifirs using pulverized lisa-
stone for coavalatict alf natural surface waters.

(b) Effects of particle asiz, Impurities a&W chmical composition
of pulverized llnestone when used as a coagulant aid in wsold
contact clarifier and Its resultant effect on the chemistry of
the effluent.

(a) Optimum smtbds of feeding, storage, hantl ng, aid packging
of water treating absaicals requiresd for the puriflcation of
natural waters In the field.

(d) Limilting chlorine dosages and ablating requlirgeante when used as
the diainfeating agent in water purification proeass 4110107101

- ~clarification with Irdlator type solis contest clarifiers and
filtration with disatoite filter@.

(0) 3ffIIOiNc7 Of ahrlen when used as the disin 'eating ,_..t i.
highly sclred natural surfece waters and the relationship betwon
the color content sand chlorine damwd of the water.

(f) The influence of boiling rate sad tmerator, veoJcity of flow,
heat emcheng area, tube aleliermas" ratio sand other currently
Unýw factors Upon the tMpe, 1rdesse, I factor and brittlezwssof scales formed fim n imm u se a water.a(2) Each of the investigations and studies listed above will be con-sidere as a separate task uhder this project. As work is ccmpleted

On each task, a report will be Prepared comeing the work accaWSabed,ealuatift Lhe findings and including such recimnidations concerning
equipsent and methods -m zm be Ia'AIWAtd.

Tbig project will he conserted with the problemms Uhloh have beaome apparent
during the developmet at eqmimnt umder the related projects,
r-. 8-75-05-009, Water Purifioation Equinnt. UVArci, Set W,. 1, Portable,30 MiU 1b0. 8-75-05-010, Water -Istillation 9quipment, NWAn-?oulingo
No. 8-'5-05-OLI, WAter ftIfIoation Equipment, Alrborns, 600 G11; aid
20. 8-75-05-012, Water SPaI-fICAtio Unit, IleatziftedNobile, 1500 M19.

a -m MA M
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Th. mubjeat& to be studied an ~aress Inhich muallable hdormationisicimpat.et. insdquatep or mob-ozatent. fhbi project, therfore, Esutpmc 'An des'sp data mud other infoamtS. 'huh ha. been deianmtrat. tobe req drd it current eqduipet amd devulopmests a to be later Impved4. Other Enformationg
(1) Rmnoee

W.) Discussions
(a) Agencies Intereete In this project, in siition to the Ompe ofIqUsgimer with which lialeon will be minitaiin, end which willbe furnimhed copies of thei as 1 1 the project anD* tmtofte irIesof thenIwteAq

me"I Srvieua euasica Corp, wR

/mr A~PIM MA'9



67

APPENDIX B

TEST DATA

Table XII. Feed Salinity - 7080 mg/I NaslI,

9 Aug 1958 (Fig. U)

Performance Data

Time 4T AB
a)(amps) (ma

3 3.02 2.00
5 1.87
7 J.01 1.85
9 1.75

12 2.98 1.6o
.15 2.95 1.78
17 1.75
20 2.89 1.41
22 1.45
25 2.&8 1.40
28 1.52
30 2.77 1.L
35 2.69 1.34
40 2.6o 1.25
50 2.40 0.85
55.5 2.23 0.82
60 2.12 0.81
65 1.95 0.77
70.5 1.78 0.71
75 1.6o 0.75
80 1.41 o.64
85 1.21 o.64
88.8 1.04 0.75

Diacharge

EI* I.
A. -
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Table XIII. Rate of Demineralization
(Fig. 14)

Time Salinity
(min) (mg/1 Na CI)

0 704io
5 4878

10 4390
15 3950
eo 3510
30 2810•o 1860
5C 1125
60 705
64.4 538
Discharge

Table XIV. Effect of Salinity on Power
Consumption (Fig. 15)

Feed Power Power
Salinity Consumption Time Consumption

(mgJl Na Cl) (kw-hr) (hr) (kw-hr/24-hr W)

1,65o 2.5 ± 0.2 6.5 - .05 8.5 ± 0.7
1,770 2.4 - 0.2 7.2 - .05 8.0 ±t 0.7
2,515 6.7 o 0.4 17.5 - .05 9.2 ±-0.7
3,580 4.4 _ 0.2 12.3 - .05 8.6 ± 0.4

Table XV. Electrode Stream pI Behavior
during a Typical Cycle (Fia. 16)

'Time- Electrode SFtrm
(min) Pat 68P F

2' 6.6
9 5.A

12 3.7
15 .3.3
1,0 3.2
20 3.2
25 3.2

/4 r.
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Table XVI. Effect of Feed Water Salinity
on Production Rate (Fig. 17)

Feed Salinity Product Flow Rate at 7 0 u F
(mg/1 Na 01) (gph)

1,650 84.5
1,770 69.5
2,515 45.9
3,580 31.8
5,067 25.7
7,078 19.7
9,004 15.1

12,070 U.0

Table XVII. Effects of Iron Sliming and Acid Cleaning

on Production Rate (Fig. 26)

Temp. Prodution Rate
Datc Avg. Agph) Operating Hours

(0 F) T 7007- Differential Cumulative

30 Sept 75 63.4 59.9 7.1 7.1
1 Oct 74 55.0 52.6 14.3 21.4
2 Oct 74 51.7 49.4 3.1 24.5
3 Oct 72 47.7 46.6 14.8 39.3
5 Oct 70 42.2 42.2 5.8 45.1
6 Oct 75 44.7 42.2 6.9 52.0
7 Oct 72 40.2 39.3 7.9 59.9
8 Oct 75 37.3 35.2 7.5 67.4

16 Oct 80 69.7 62.0 4.7 72.1
17 Oct 70 55.7 55.7 2.3 74.4
19 Oct 72 51.4 50.3 4.3 78.7
20 Oct 76 65.1 60.8 7.5 86.2
21 Oct 68 66.4 67.9 4.5 90.7

78 76.2 69.5 2.5 93.2
22 Oct 76 72.9 68.1 7.2 100.4
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Table XVIII. Cycle No. 4,
29 October 1959 (Fig. 27)

Time Direct Current
(min) - m amps)

o 5803 5
7 493

15 400
P'5 290

,6 195
'5 914
r5 50

85 1.
98.7*

* Discharge ,of product.

Table XIX. Rate of Demlneralization
(Fig. 28)

Passes through ¶D, us/
Stack

0 900
1 5140
2 324
3 194
4 1.16
5 70
6
7 25
8 15
9 9

10 5.4
113.2
12 1.9
13 1.1
14 0.7
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Table XX. Effect of TDS Removal on Power Consumption
(Fig. 29)

TDS in Temp. Power Consumption

Time Product Avg. (kw-br/l00 )

._._,) (_/i) (0 F) T 6CRO

880 - 0 0
1oo0.4 311 74 12 14
28.1 5* 57 52 50
11.2 1.5* 51 90 81

* As Na Cl, using Barstead. Purity Meter.

Table XXI. Cs1 37 Concentration Decrease in Feed Tank
during Decontamination Study (Fig. 30)

Average CsIS(
Date Concentration

28 Oct 1238 x 10-5
29 Oct-- -

30 Oct 965
31 Oct 883
2 Nov 781
.3 Nov 710

Table XXII. Typical Decontamination Cycle
(Fig. 31)

Time CslSf Concentration P c/ml x 105
(mrin) Product Stream Brine Stream

0 1,238 -
".5 411 1,97U
10 319 1,920
20 174 1,340
140 54 1,600
60 16 1,500
80 7 1,320
98+7() 1 1,310

.1O13.4(b) - 1,238
(a) Ha of cycle.

(b) Discharge of product.

a,
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